Kinetic and equilibrium studies of the reactions of heme-substituted horse heart myoglobins with oxygen and carbon monoxide.
In order to study the effects of chemical modifications of the vinyl groups of heme on oxygen and carbon monoxide binding to myoglobin, apomyoglobins from horse heart were reconstituted with six different hemins with various side chains. Laser flash photolysis experiments of these reconstituted myoglobins showed that the combination rate constants for oxygen (k') and carbon monoxide (l') were closely related to the electron-attractive properties of the side chains. The k' values obtained in 0.1 M potassium phosphate buffer, pH 7.0, at 20 degrees were 0.83 (meso-), 2.4 (deutero-), 1.1 (reconstituted proto-), 1.2 (native proto-), 1.5 (2-formyl-4-vinyl-), 1.9 (2-vinyl-4-formyl-), and 2.7 X 10(7) M-1 S-1 (2,4-diformylmyoglobins), and the corresponding l' values were 2.8, 18, 4.8, 5.1, 7.1, 15, and 35 X 10(5) M-1 S-1, respectively. These rate constants tend to increase as the electron-withdrawing power of the side chains increases, indicating that reduced electron density of the iron atom of heme in myoglobin favors the combination reaction for both oxygen and carbon monoxide. Equilibrium constants (L) between carbon monoxide and various myoglobins were also determined by measuring the partition coefficients (M) between oxygen and carbon monoxide for the myoglobins, and were also found to be closely related to the electronic properties (pK3 of porphyrin) of the heme side chains. The equilibrium association constants for carbon monoxide thus obtained increased with a decrease in pK3 value of the porphyrin. This order was completely opposite to the case of the oxygen binding reaction. The dissociation rate constants for oxygen (k) and carbon monoxide (l) were calculated from the equilibrium and the combination rate constants. The dissociation rate constants showed a similar characteristic to the combination rate constants and increased with the increase in electron attractivity of heme side chains. The concomitant increase in both the combination and dissociation rate constants with increase in electronegativity of the iron atom suggests that these reactions have different rate determining steps, although such a reaction process is contradictory to the generally accepted concept that in a reversible reaction, both on and off reactions proceed through the same transition state. In the on reaction sigma bond formation appears to be dominant, while in the off reaction eta bond break-up is more important.